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© Magnetic-resonance imaging apparatus. 

@ A magnetic-resonance imaging apparatus has 
superconducting magnets (3) for generating a large 
uniform magnetic field within a predetermined vol- 
ume. Within that volume, coils (7) for generating 
magnetic field gradients are supported on a bobbin 
(8), enabling an object within the bobbin (8) to be 
investigated. The coils (7) on the bobbin (8) are 
subject to forces but are rigidly connected to the 
bobbin (8). Therefore, energy is transmitted to the 
bobbin which can cause the bobbin (8) to vibrate 
and so generate noise. To dissipate that energy, the 
coils (7) are attached to tubes (10), or other hollow 
members (13), on the bobbin (8), which tubes (10) or 
hollow members (13) contain movable bodies such 
as particulate material (6, 15). The energy due to the 
forces on the coils cause the movable bodies to 
move and collide, so dissipating the energy and 
reducing the noise. 



FIG. 1 
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The present invention relates to a magnetic- 
resonance imaging apparatus. 

In a magnetic-resonance imaging apparatus, a 
strong uniform magnetic field is generated in a 
predetermined volume, and then a magnetic field 
gradient is generated within that volume to induce 
magnetic resonance in an object to be investigated. 
The resonance is then analyzed to determine the 
properties of the object. Such a magnetic-reso- 
nance imaging apparatus finds particular applicabil- 
ity for medical purposes as it represents a non- 
invasive method for investigating the interior of a 
human body. 

In order to generate the magnetic field gra- 
dients, appropriate coils are supported within the 
volume in which the strong uniform magnetic field 
is created, and it is normal to support those coils 
by a support known as a bobbin, which is in the 
form of a hollow cylinder, so that the coils may be 
secured to the inner or outer cylindrical surface 
thereof. The bobbin is usually made of epoxy resin 
having a very high elastic modulus. Examples of 
such magnetic-resonance imaging apparatuses are 
disclosed in, for example, JP-A-62-261105, JP-A- 
62-229906, JP-A-62-239503 and J P-A-63- 158047. 

In order to generate suitable magnetic gra- 
dients for magnetic resonance imaging, current 
pulses are applied to the coils supported on the 
bobbin. Hence those coils are current carriers in 
the uniform magnetic field, and forces are gen- 
erated on the coils, the directions of which forces 
are determined by Fleming's left hand rule. Thus, 
one part of each of the coils will experience a force 
in one direction and another part will experience 
force in the opposite direction. Therefore, a pulsat- 
ing load is applied to the bobbin. When the uniform 
magnetic field is large, the forces can set up os- 
cillations of the bobbin and so generate noise. For 
medical magnetic resonance imaging, part of the 
human body to be investigated must be located 
within the bobbin and, the noise can produce dis- 
comfort. 

Therefore, JP-A-61 -279238 proposed that a 
rubber pad be interposed between the bobbin and 
each coil which generated the magnetic field gra- 
dient. When the current in a coil generated forces, 
the coil could move relative to the bobbin, due to 
deformation of the pad and the vibrations thus 
generated were damped by the rubber pad. 

Whilst the provision of a rubber pad, as dis- 
closed in JP-A-61 -279238 reduces noise generated 
by vibration of the bobbin, it has the significant 
disadvantage that the coil or coils could then move 
relative to the bobbin. Hence, the accuracy of con- 
trol of the magnetic field gradient generated by 
those coils were significantly impaired. For ac- 
curate magnetic resonance, the magnetic field gra- 
dient must be positioned accurately and the dis- 



tribution thereby should not change, since such 
change causes distortion of the image produced by 
the magnetic resonance. Therefore, for accuracy, a 
rigid interconnection of coil and bobbin is desir- 
5 able. 

The present invention therefore proposes that 
the support for the coils, eg. the bobbin, includes a 
hollow part (hollow enclosure), within which hollow 
part are movable bodies. The movable bodies are 

w preferably granules or other particulate material. 

When forces are generated on the coils which 
tend to induce vibration, the present invention pro- 
vides rigid interconnection of the coils and support 
to prevent the coils vibrating relative to the support. 

75 Hence, the accuracy of positioning of the magnetic 
field gradients is not impaired. Instead, the vibra- 
tional energy is transmitted to the moving bodies 
which then move within their hollow enclosure, 
thereby dissipating the vibrational energy. Thus, 

20 the present invention is based on the dissipation of 
vibrational energy by moving bodies within a hol- 
low enclosure, thereby permitting rigid interconnec- 
tion of the coils and support. 

Normally, the part of the support containing the 

25 movable bodies is the part to which the coils are 
attached to the support, since this ensures that the 
maximum amount of vibrational energy is transmit- 
ted to the moving bodies. However, it is possible 
for the support to have some or all the bodies 

30 within parts which are not directly attached to the 
coils. Even in this case, the movable bodies will 
dissipate vibrational energy. 

For example, where the support is a cylindrical 
bobbin, a plurality of hollow tubes may be provided 

35 on a cylindrical surface of that bobbin, with there 
being a sufficient number of tubes wholly to cover 
the cylindrical surface. The hollow tubes contain 
movable bodies, eg. particulate material. Then, the 
coils for generating magnetic field gradients are 

40 attached to some (not necessarily all) of the tubes. 
The tubes to which the coils are attached then 
receive directly vibrational energy from the coils, 
when current pulses are passed through those 
coils, but the other tubes, not attached to the coils, 

45 will also receive vibrational energy transmitted via 
the bobbin itself, or possibly via adjacent tubes. 
Hence, vibrational energy can be dissipated effi- 
ciently by the movable bodies in the tubes. 

It is also possible that the hollow part of the 

so support containing the movable bodies is formed 
by a plurality of discrete members to which parts 
of the coils are attached. It is also possible that the 
bobbin itself is at least partially hollow, and con- 
tains movable bodies, or even for the movable 

55 bodies to be contained in a part of the support not 
directly attached to the coils. In these latter cases, 
however, the noise dissipation effect is reduced. 
Preferably, the movable bodies are formed by 
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particulate materia! eg. granules. In this case, how- 
ever, there is the possibility that the granules them- 
selves will generate noise as they move within the 
hollow part of the support and therefore it may be 
desirable to include a liquid, such as water or oil, 
within the hollow part of the support which contains 
the movable bodies. When the movable bodies are 
formed by particulate material, it is desirable that 
such material be of particles of different sizes. 

It has been found that the noise dissipation 
effect achieved by the use of moveable bodies 
within the support increases with an increase in 
mass of the movable bodies. Therefore, the num- 
ber of movable bodies, and the density thereof, 
should be as high as possible. Of course, if the 
hollow interior of the support is wholly packed with 
the bodies, then they will not be able to move and 
the noise dissipation effect will be reduced. How- 
ever, it has been found that the noise dissipation 
effect reaches a maximum when the volume of the 
bodies represents about 90% of the volume of the 
hollow interior of the support. To maximize the 
mass, the use of dense materials such as lead (Pb) 
is preferable, although AI2O3 and Zirconia may be 
used. 

Embodiments of the present invention will now 
be described in detail, by way of example, with 
reference to the accompanying drawings, in which: 
Fig. 1 shows, partially in section, a magnetic- 
resonance imaging apparatus being a first em- 
bodiment of the present invention; 
Fig. 2 shows a sectional view of part of the 
apparatus of Fig. 1; 

Fig. 3 shows, in detail, part of the section of Fig. 
2; 

Fig. 4 is similar to Fig. 3, but illustrates a modi- 
fication of the embodiments of Figs. 1 to 3; 
Fig. 5 shows part of a magnetic-resonance im- 
aging apparatus being a second embodiment of 
the present invention; 

Fig. 6 shows part of a magnetic-resonance im- 
aging apparatus being a third embodiment of 
the present invention; 

Fig. 7 shows a mounting member used in the 
embodiment of Fig. 6; and 
Figs. 8-11 show structures for enclosing par- 
ticulate material, which may be used in the 
embodiments of the present invention. 
Fig. 1 shows the general structure of a 
magnetic-resonance imaging apparatus being a 
first embodiment of the present invention. In Fig. 1 , 
the outer casing is shown in sectional view so that 
the internal structure of the apparatus can be seen. 
Furthermore, part of that internal structure is itself 
shown in sectional view. 

In the magnetic-resonance imaging apparatus 
of Fig. 1, a cryostat 1, which is vacuum insulated, 
contains a bath of liquid helium 2. Superconducting 



magnets 3 are located within that liquid helium, and 
generate a static uniform magnetic field. The liquid 
helium cools the superconducting magnets 3. The 
superconducting magnets 3 are such as to gen- 

5 erate a constant magnetic field of eg. 0.5 to 4 
Tesla within a space 5 defined by the hollow inte- 
rior of the cryostat 1. That magnetic field is in the 
axial direction (ie. the Z direction in Fig. 1). 

Further coils are located within the space 5. 

10 These coils generate magnetic field gradients. In 
Fig. 1, coils 7 are illustrated which generate gra- 
dients in the Y-direction. However, in addition to 
those coils 7, there will also be coils for generating 
magnetic field gradients in the X and Z directions, 

75 but these coils are not illustrated to simplify Fig. 1. 

The coils 7 are mounted on a bobbin 8, which 
bobbin 8 is in the form of a hollow cylinder. In the 
embodiment of Fig. 1. tubes 10 are mounted on 
the outer cylindrical surface of the bobbin 8, and 

20 the coils 7 are then mounted on the tubes 10. 
Suitable securing means (not shown), such as a 
band or bands, secures together the bobbin 8 and 
the tubes 10, and a similar band or bands (again, 
not shown) secures together the coils 7 and the 

25 bobbin 8, via the tubes 10. 

Both ends of the bobbin 8 are connected to the 
inside of the cryostat 1 by securing bolts 11, there- 
by aligning the axis of the coils 7 relative to the 
direction of the magnet field generated by the 

30 superconducting magnets 3. A suitable outer shield 
12 of eg. iron is provided around the cryostat 1, to 
reduce magnetic field leakage. 

It can be seen from Fig. 1 that the coils 7 are 
in the form of a loop and are curved around the 

35 outer surface of the bobbin 8. Hence, they have a 
saddle-like shape. In order to generate a magnetic 
field gradient, a current pulse i is applied to the 
coils 7. Considering the lower left coil in Fig. 1, and 
remembering that the superconducting magnets 3 

40 generate a constant magnetic field in the z direc- 
tion within the cryostat 1, it can be seen from 
Fleming's left hand rule that a force will be gen- 
erated on the left hand branch 7a of the lower left 
coil 7, which force is axially inward. In a similar 

45 way, the force generated on the right hand branch 
7b will be axially outward. If the coil 7 was not 
attached to the bobbin 8 via the tubes 10, it could 
deform, which would result in distortion of the mag- 
netic field gradient, thereby reducing the accuracy 

50 of image generation. 

However, because the tubes 10 have a high 
rigidity, the deformation of the coils 7 is sufficiently 
small that the distortion of the magnetic field gra- 
dient is insignificant. As a result, high-quality im- 

55 ages can be obtained. 

However, particularly when the static magnetic 
field is large, targe forces are applied to the bobbin 
8, causing the bobbin to vibrate and thereby gen- 
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erating noise. This is undesirable, and therefore the 
tubes 10 are hollow and contain particulate ma- 
terial, eg. granules 6. The granules 6 are movable 
within the tubular members 8, and thereby absorb 
vibrational energy. 

In the sectional view of Fig. 2, it can be seen 
that the outer cylindrical surface of the bobbin 8 is 
entirely covered by tubes 10, although only a more 
limited number of the tubes 10 lie between the 
bobbin 8 and the coils 7, and so receive vibrational 
energy directly from the coils 7. Despite this, some 
vibrational energy will be transmitted to those tubes 
10 who are not directly between the bobbin 8 and 
the coils 7, thereby improving the noise reducing 
effect achievable with the present invention. 

The more detailed sectional view of Fig. 3 
shows that the tubular members 10 are partially 
filled with granules 6 and when vibrational energy 
is transmitted between the coils 7 and the bobbin 
8, the granules 6 move, causing collisions there- 
between, and thereby dissipating vibrational en- 
ergy. Thus, the granules 6 decrease the vibrational 
energy transmitted from the coils 7 to the bobbin 8. 
Hence, vibration of the bobbin 8 is reduced and 
noise generated by the magnetic resonance imag- 
ing apparatus is reduced. 

It has been found that the noise-reducing effect 
of the embodiments of Figs. 1 to 3 increases with 
increasing mass of the granules 6 within the tubes 
10. Therefore, it is preferable for the granules 6 to 
be of a material of high density, such as lead (Pb). 
However, AI2O3 or Zirconium may also be used. 
Furthermore, the noise-reducing effect increases 
with increasing volume of granules, up to about 
90% of the volume of the interior of the tubes 10. 
Above about 90%, the noise-reducing effect de- 
creases because the freedom of movement of the 
granules 6 becomes limited. If the granules were 
packed sufficiently densely within the tubes 10 that 
they could not move, the noise reducing effect will 
be lost. 

In the embodiments of Figs. 1 to 3, the coils 
are mounted, via the tubes 10, on the outer cylin- 
drical surface of the bobbin 8. However, it is also 
possible for the coils 7 to be mounted on the inner 
cylindrical surface, as shown in Fig. 4. Again, tubes 
10 containing granules 6 are interposed between 
the coils 7 and bobbin 8. 

Furthermore, in the embodiments of Figs. 1 to 
4, the tubes 10 extend axially of the bobbin 8. Fig. 
5 shows an embodiment in which the tubes 10 
extend circumferentially around the bobbin. Again, 
the tubes 10 may be on the outer cylindrical sur- 
face of the bobbin 8, as in Fig. 5, or on the inner 
cylindrical surface (not shown). In the embodiments 
of Figs. 1 to 5, the coils 7 are attached to the 
bobbin 8 via tubes 10. Fig. 6 shows another em- 
bodiment, in which the coils 7 are attached to the 



bobbin 8 via mounting members 13. These mount- 
ing members 13 are discrete hollow members and, 
as shown in Fig. 7, contains granules 6 in a similar 
way to the tubes 10 of the embodiments Figs. 1 to 

5 5. The mounting members 13 form a rigid intercon- 
nection between the coils 7 and bobbin 8, thereby 
preventing distortion of the magnetic field gradients 
generated by the coils 7. Again, movement of the 
granules 6 gives a noise-reducing effect. However, 

10 since the volume of the granules 6 is more limited 
in the embodiment of Figs. 6 and 7, as compared 
with the embodiments of Figs. 1 to 5, the noise- 
reducing effect is less pronounced. 

Since the granules are able to move within the 

75 tubes 10 or mounting members 13, they will inevi- 
tably collide and noise may be generated by such 
collisions. To reduce the effect of such noise, the 
tubes 10 (or mounting members 13) may be par- 
tially filled with liquid 14 as shown in Fig. 8. 

20 Furthermore, although the previous embodi- 

ments have used granules within the tubes 10 or 
mounting members 13, other movable bodies may 
be used. Fig. 9 shows an embodiment in which 
there is powder material 15 within the tubes 10, in 

25 addition to the granules 6. The use of such powder 
material 15 reduces the noise due to collision be- 
tween granules, and also prevents the granules 6 
from blocking together within the tubes 10. It is 
also possible to use non-granular bodies such as 

30 eg. rods within the tubes 10 or mounting members 
13, although this is not preferred as such rods have 
more limited movement, and so give a smaller 
noise-reduction effect. 

When tubes 10 are used, they are preferably 

35 cylindrical but may be square or, indeed, any other 
shape. For example, Fig. 10 shows an arrangement 
in which a corrugated sheet 16 with a covering 17 
encloses the granules 6. The arrangement of Fig. 
10 may then replace the tubular members 10 in 

40 any of the embodiments of Figs. 1 to 5. Where 
tubes are used, the tubes 10 may be discrete but 
are preferably interconnected by connections 1 8 as 
shown in Fig. 11, so that vibrational energy may be 
transmitted between the tubes 10. 

45 With the present invention, it is possible to 

obtain high-quality images free from distortion of 
the magnetic fields due to movement of the coils 
which generate the magnet field gradient, despite 
the force generated when current pulses are ap- 

50 plied to those coils, since the coils are rigidly 
connected to the bobbin or other support. However, 
the use of support with a hollow part containing 
moveable bodies, such as granules, reduces noises 
generated by the apparatus. 

55 

Claims 

1. A magnetic-resonance imaging apparatus hav- 
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ing generation means (7) for generating a mag- 
netic field gradient in a predetermined volume 
of the apparatus, and a support (8, 10, 13) for 
supporting the generation means (7) in a pre- 
determined position; 5 
characterized in that: 

the support has a hollow part (10, 13) 
forming a rigid connection to which the gen- 
erating means (7) is attached, which hollow 
part contains movable bodies (6, 15). w 



12. An apparatus according to any one of the 
preceding claims, wherein the hollow part (10, 
13) also contains liquid (14). 



2. An apparatus according to claim 1, wherein 
said movable bodies (6, 15) comprise par- 
ticulate material. 

75 

3. A magnetic resonance imaging apparatus hav- 
ing magnetic field generation means (7) and a 
support (8, 10, 13) for supporting the genera- 
tion means (7); 

characterized in that: 20 
a part (10, 13) of the support is hollow and 
contains particulate material (6, 15). 



4. An apparatus according to claim 3, wherein 

said support (8, 10, 13) has a cylindrical sur- 25 
face and said hollow part (10, 13) extends over 
substantially the whole of the cylindrical sur- 
face. 



5. An apparatus according to claim 2 or claim 3, 30 
wherein the particulate material (6, 15) includes 
particles of a plurality of sizes. 



6. An apparatus according to any one of the 

preceding claims, wherein the hollow part com- 35 
prises at least one hollow tube (10). 



7. An apparatus according to any one of the 
preceding claims, wherein the hollow part com- 
prises a plurality of discrete members (13). 40 



8. An apparatus according to any one of the 
preceding claims, wherein said support in- 
cludes a hollow cylindrical bobbin (8). 

45 

9. An apparatus according to claim 8 , wherein a 
cylindrical surface of said bobbin (8) has there- 
on a plurality of hollow tubes (10), and at least 
one of said tubes forms said hollow part. 

50 

10. An apparatus according to claim 9, wherein 
said tubes (10) extend axially of said bobbin 
(8). 



11. An apparatus according to claim 9, wherein 55 
said tubes extend circumferentially relative to 
said bobbin. 
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